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Purpose: To determine whether differences in the conduct of  individual practices of  
attending vascular surgeons account for variations in resource use at a university hospital. 
Methods: The practice patterns of  six attending vascular surgeons at the University of  
Michigan Hospital were assessed for patient length of  stay (LOS), ancillary service use, 
and the number of  nursing hours required. Included in the study were 1930 hospitalized 
patients who had one of the 10 most frequently encountered diagnostic related groups 
(DRGs). Statistical analyses of  variables that were thought likely to affect resource use 
included multiple regression models. 
Results: Patient age, sex, insurance, source of  admission (direct admission or transfer 
admission), surgeon, and DRG category together accounted for 22% of LOS variation, 
27.7% of  variation in ancillary service use, and 29.4% of variation in nursing hours. In no 
model did the individual surgeon's practice significantly effect he LOS, ancillary use, or 
nursing hours. Patients transferred from other hospitals had increased resource use in all 
models. The DRG category alone explained 20.9% of the variance in LOS, 25.2% of the 
variation in ancillary service use, and 21.2% of the variance in ursing hours. 
Conclusion: Differences in the conduct of  individual vascular surgeons' practices ac- 
counted for less than 1% variation in hospital resource use. The most important influ- 
ences on resource use were the DRG category and the source of  patient admission. 
Modification of  the frequency and manner of  accepting transfer patients to vascular 
surgery services of  a university hospital may have a major impact on hospital resource use. 
(J Vasc Surg 1997;26:193-8.) 
Escalating health care costs have forced Medicare 
and other third-party payers to implement payment 
schemes such as prospective payment or capitated 
fees to shift financial risks to hospitals and physicians. 
The potential that differences in the manner of  prac- 
ticing may represent a major contribution to in- 
creased resource use and higher health care costs has 
been recognized for more than a decade. 1 4 This has 
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particular elevance to vascular surgeons who rely on 
expensive technologies and support services in their 
practices. 
Recent pressures for health care cost reductions 
have caused many reimbursement plans to create 
strong incentives for hospitals to consider physician- 
driven hospital resource use in assigning admitting 
privileges. In addition, health maintenance organiza- 
tions and preferred provider organizations are in- 
creasingly using physician resource use as a factor in 
their hiring policies. These activities represent eco- 
nomic credentialing.S-6 The American Medical Asso- 
ciation defines economic redentialing as "the use of  
economic riteria unrelated to quality o f  care or pro- 
fessional competency in determining an individual's 
qualifications for initial or continuing medical staff 
membership or privileges, r" Such a focus on an indi- 
vidual's practice should be of  major concern to all 
physicians, in particular vascular surgeons. 
The two reasons for variations in resource use 
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Table I. Percent (and number) of admissions in each DRG category 
DRG 
005 015 110 112 113 130 131 134 144 478 Total 
Surgeon A 29% 35% 26% 28% 11% 27% 22% 77% 36% 17% 26% 
(83) (33) (132) (30) (13) (68) (21) (46) (26) (57) (509) 
Surgeon B 24% 19% 26% 21% 22% 22% 20% 15% 23% 22% 23% 
(70) (18) (130) (22) (26) (55) (19) (9) (17) (73) (439) 
Surgeon C 16% 19% 18% 20% 17% 11% 16% 3% 18% 18% 17% 
(46) (18) (94) (21) (20) (28) (15) (2) (13) (61) (318) 
Surgeon D 15% 11% 14% 15% 23% 14% 13% 2% 6% 25% 16% 
(43) (10) (70) (16) (27) (35) (12) (1) (4) (85) (303) 
Surgeon E 7% 10% 9% 13% 22% 17% 20% 3% 15% 13% 12% 
(20) (9) (48) (14) (26) (42) (19) (2) (11) (43) (234) 
Surgeon F 9% 7% 7% 4% 4% 8% 10% 0% 3% 5% 7% 
(27) (7) (35) (4) (5) (21) (10) (0) (2) (16) (127) 
TotM Admissions 15% 5% 26% 6% 6% 13% 5% 3% 4% 17% 100% 
(289) (95) (509) (107) (177) (249) (96) (60) (73) (335) (1930) 
Table II. Transfer admission in each DRG category 
DRG 
005 015 110 112 113 130 131 134 144 478 Total 
Number of transfer 15 4 57 11 23 29 6 1 8 30 184 
admissions 
Percent of transfer of all 5% 4% 11% 10% 20% 12% 6% 2% 11% 9% 9.5% 
admissions 
Percent of transfers per 8% 2% 31% 6% 13% 16% 3% 1% 4% 16% 100% 
DRG 
among individual practitioners cited most often are 
the patient's age and diagnostic-related group 
(DRG). 8-1° The question remains as to whether 
there are other important factors that affect resource 
use that have not been previously recognized. In 
some settings, practice methods of internists have 
been reported to account for a relatively small but 
statistically significant percentage of variation of in- 
trahospital resource use among general medicine in- 
patients. 11 Whatever the case may be, it appears that 
a new focus on cost containment has been placed on 
individual physicians rather than on the generic prac- 
tice of a particular specialty en toto. In regard to 
vascular surgeons, this may be an inappropriate fo- 
cus. 
To determine whether differences in intrahospital 
practices of vascular surgeons are relevant to hospital 
resource use, we studied variations in length of stay 
(LOS), ancillary service use, and nursing hours pro- 
vided to inpatients of six vascular surgery attending 
surgeons at a large teaching hospital. We also as- 
sessed the role of other largely unreported variables, 
such as patient ransfer status, on hospital resource 
use in this setting. 
METHODS 
Study population. LOS, ancillary service use, 
and the number of nursing hours spent were assessed 
for 1930 patients who had one of the 10 most fre- 
quently encountered vascular DRGs and were hospi- 
talized from June 1989 to December 1993 on the 
Vascular Surgery Service of six attending surgeons at 
the University of Michigan Hospital (Table I). Of 
these admissions, 184 patients (9.5%) were trans- 
ferred from other hospitals. Excluded from the study 
were those patients whose hospitalizations were not 
for one of the institution's 10 most frequently used 
vascular DRGs. Critical pathways had not been intro- 
duced to the care of patients on the Vascular Surgery 
Service during the period of this study. 
The 10 most frequently encountered DRGs were 
(1) extracranial vascular operations (DRG 005); (2) 
diagnoses related to transient ischemic attacks and 
precerebral occlusions (DRG 015 ); ( 3 ) maj or cardio- 
vascular procedures with complications and/or  co- 
morbidity (DRG 110); (4) percutaneous cardiovas- 
cular procedures (DRG 112); (5) amputation for 
circulatory system disorders except upper limb and 
toe (DRG 113); (6) peripheral vascular diagnoses 
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Table III. Composition of individual vascular surgeon's practice 
LOS outliers in 
Transfers in each each surgeon's 
Total admissions Total Transfers surgeon's practice practice * 
Surgeon A 509 (26.4%) 18 (10%) 3.5% 11 (2.2%) 
Surgeon B 439 (22.7%) 47 (26%) 10.7% 15 (3.4%) 
Surgeon C 318 (16.5%) 34 (18%) 10.7% 9 (2.8%) 
Surgeon D 303 (15.7%) 35 (19%) 11.6% 20 (6.6%) 
Surgeon E 234 (12.1%) 31 (17%) 13.3% 7 (3%) 
Surgeon F 127 (6.6%) 19 (10%) 14.5% 3 (2.4%) 
*LOS outliers are defined as those patients whose length of stay was more than three standard eviations from the average surgical 
patient's LOS. 
Table IV. Comparison of normative costs with costs of the 10 most frequently used DRGs at the 
University of Michigan Hospital 
U of M U of M Normative Normative 
Rank? DR G DR G category cost/case* cost~case?? Rank? 
1 110 Major cardiovascular p ocedures with $27,436 $31,957 2 
complications and/or comorbidity 
2 113 Amputation for circulatory system $18,348 $ 32,270 1 
disorders except upper limb and toe 
3 478 Other vascular procedures with $15,372 $20,884 3 
complications and/or comorbidity 
4 005 Extracranlal vascular procedures $12,002 $18,836 4 
5 112 Percutaneous cardiovascular p ocedures $8,081 $16,926 5 
6 I44 Other circulatory system diagnoses with $7,188 $9,539 6 
complications and/or comorbidity 
7 130 Peripheral vascular disorders with $6,086 $8,329 7 
complications and/or comorbidity 
8 015 Diagnoses related to transient ischemic $4,073 $7,035 8 
attack and precerebral occlusions 
9 131 Peripheral vascular disorders without $ 3,339 $ 5,724 9 
complications and/or comorbidity 
10 134 Diagnoses related to hypertension $2,781 $4,752 10 
This table is used to show which DRGs are the most or least expensive. The University of Michigan and the normative costs are not wholly 
comparable as they were not calculated in the same way. Data from July 1991 to June 1992. 
*University of Michigan Hospital cost/case were based oh charges within TSI and include hospital paid pass-throughs. The costs reflect 
Medicare reimbursed cases only and exclude those cases exceeding the LOS cutoff as determined by the Health Care Financing 
Administration. 
tNumerical ranking was based on cost/case. 
1"1"Normative cost/case is from the DRG Guide (MedStat Group, Inc. 1994). Data were based on information derived from the 1992 
health care claims of 4.9 million covered lives in the United States and do not include claims by Medicare or Medicaid beneficiaries. 
with complications and/or comorbidity (DRG 130); 
(7) peripheral vascular diagnoses without complica- 
tions and/or comorbidity (DRG i3I); (8) diagnoses 
related to hypertension (DRG 134); (9) other circu- 
latory diagnoses with complications and/or comor- 
bidity (DRG 144); and (10) other vascular proce- 
dures with complications and/or comorbidity (DRG 
478). 
Major cardiovascular p ocedures with complica- 
tions and/or comorbidity (DRG 110) was the most 
common DRG and accounted for 26% of all admis- 
sions and 31% of all transfers. The next top three 
DRGs for all admissions (in order) were other vascu- 
lar procedures with complications and/or comorbid- 
ity (DRG 478), which accounted for 17% of all 
admissions; extracranial vascular procedures (DRG 
005), which constituted 15% of all admissions; and 
peripheral vascular disorders with complications 
and/or comorbidity (DRG 130), which accounted 
for 13% of all admissions. The remaining six DRGs 
each constituted 6% or less of all admissions. Transfer 
admissions for each DRG category accounted for an 
average of 9.5% of all admission, ranging from 1% in 
DRG 134 to 31% of those in DRG 110 (Table II). 
Vascular surgeons. The Vascular Surgery Ser- 
vice at the University of Michigan Hospital at the 
time of study was stared by six attending vascular 
surgeons, who accounted for all but a few of the 
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admissions during this study period. Although many 
similarities existed among the individual practices of 
these surgeons, certain variations existed in their past 
training and the manner in which they rendered 
patient care. Dr. A accounted for a little more than a 
quarter of the patients admitted in the Vascular Ser- 
vice and was the principle surgeon responsible for the 
care of patients in DRG 134. Dr. B was the second 
busiest practitioner, and with the exception of DRG 
134 had a practice similar to that of Dr. A. Drs. C, D, 
E, and F all completed their surgical training at 
different institutions. Of interest is the fact that Drs. 
B, C, D, and E accounted for 80% of the transfers, 
compared with 10% each for Drs. A and F. The latter 
two surgeons were more senior than the others and 
were less likely to accept nondesignated patients im- 
ply referred to the University Hospital. In contrast, 
the more junior attending surgeons were building 
their practices and were more likely to be available to 
accept such patients. The number and percent of 
total admissions, transfers, and LOS outliers varied 
among the individual vascular surgeon's practices 
(Table III). 
Resource use measures. LOS, ancillary service 
use, and nursing hours delivered to patients were 
quantitated for each DRG category. Ancillary service 
use was measured in relative value units (RVUs). The 
RVU estimated the relative direct cost of each ancil- 
lary service. The actual RVU was calculated by using 
the costs of a particular department or cost center 
and distributing those costs to each departmental 
service on the basis of the relative charge of one 
service to the charges for other services of the depart- 
ment or cost center? 2 Nursing hours were measured 
by the Medicus scoring system, which calculates the 
number of nursing hours spent per patient per day. 
The most costly DRG at the University of Michigan 
Hospital was for major cardiovascular procedures 
with complications and/or comorbidity (DRG 110), 
which was also the most frequently assigned DRG. 
Comparison of the University of Michigan Hospital 
costs with normative DRG costs based on statistics 
from the DRG Guide 13 revealed favorable conomic 
practices of the vascular surgeons being studied (Ta- 
ble IV). 
Data analysis. Multiple linear regression models 
were constructed to evaluate the effect of each of the 
independent variables (the surgeon, patients' age, 
sex, insurance, transfer status; and DRGs) on the 
dependent variables (LOS, ancillary service use, and 
nursing hours). In addition, the independent vari- 
ables were combined, and their cumulative ffect on 
each of the dependent variables was determined in 
the final model. An independent variable was identi- 
fied as being statistically significant with a p value less 
than 0.05. 
The percentage of variance provides information 
as to which of the independent variables had the 
greatest effect in accounting for the variability in the 
dependent variable. The greater the percentage of 
variance xplained, the easier it is to identify aspecific 
independent variable associated with most of the 
changes in the dependent variable or, as in this study, 
in hospital resource use. However, it is unusual to 
attain variation as high as 50% to 100%, because there 
usually arc other variables, difficult o measure unam- 
biguously, such as a patient's clinical severity of ill- 
ness or the underlying heterogeneity in some DRG 
categories, which may be responsible for the unac- 
counted variation. In this study, we incorporated" 
only the most relevant independent variables charac- 
terizing a physician's practice. 
RESULTS 
Patient age, sex, insurance, and surgeon did not 
individually effect he variation in LOS, ancillary ser- 
vice use, or nursing hours, but the DRG category 
and the patient's transfer status did (Table V). The 
DRG alone accounted for 20.9% of the variance in 
LOS, 25.2% of the variance in ancillary service use, 
and 21.2% of the variance in nursing hours. Transfer 
status alone accounted for 2.6% of the variance in 
LOS, 3.6% of the variance in ancillary services, and 
6.1% of the variance in nursing hours. Tiffs means 
that most differences in hospital resource use could 
be accounted for by the DRG category and to a lesser 
extent by the patient's transfer status. Importantly, 
the individual surgeon alone accounted for only 0.6% 
of the variance in LOS, 0.3% of the variance in 
ancillary service use, and 0.3% of the variance in 
nursing hours. Thus the vascular surgeon's manner 
of practice was responsible for less than 1% of the 
observed variation in hospital resource use. 
The three final regression models that controlled 
for all six independent variables combined (patient 
age, sex, insurance, transfer status, surgeon, and 
DRG), accounted for 22% of the variance in LOS, 
27.7% of the variance in ancillary service use, and 
29.4% of the variance in nursing hours (Table VI). 
The six vascular Surgeon's practices were not signifi- 
cant in any of these three final regression models, 
confirming that the individual manner of practice 
was not an important contributing factor to hospital 
resource use. 
Moreover, the three final regression models indi- 
cate that the transfer status and DRG category were 
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Tab le  V. Variance in LOS,  ancillary service 
use, and nursing hours attr ibutable to 
independent  models using DRG alone, 
transfer status alone, and surgeon alone 
Independent variables adjusted R 2 * 
Dependent Transfer 
variables DR G status Surgeon 
LOS 0.209]" 0.026J" 0.006 
Ancillary 0.252]" 0.036J" 0.003 
service use 
Nursing 0.212]" 0.061J" 0.003 
hours 
*Adjusted R 2 is an abbreviation for the adjusted coefficient of 
multiple correlation. The adjusted R2 is used to show the percent 
of variance attributed to each independent variable. The total 
possible percent of variances explained would be 1.0. For example, 
the adjusted R 2 for determining the effect of the independent 
variables, DRG, on the dependent variable, LOS, is 0.209, which 
means that the DRG alone explained 20.9% of the variation in 
LOS. 
J'p < 0.0001. 
Tab le  V I .  Variance in LOS,  ancillary service 
use, and nursing hours attr ibutable to final 
mult iple regression model ,  that control led 
for patient age, sex, insurance, transfer status, 
surgeon, and DRG 
Dependent Independently significant Final regression 
variables variables model adjusted R 2 * 
LOS DRG'~, transfer statusJ" 0.220 
Ancillary DRG~, transfer status[ 0.277 
service use 
Nursing DRGJ', transfer status~', age~ 0.294 
hours 
*Adjusted R 2 can be viewed as a percentage of variation. For 
example, the adjusted R 2 for the final model effect on LOS is 
0.220. This means that 22.0% of the variation is LOS can be 
explained by the final model which tested for the six variables 
listed above, but out of those six only the DRG and transfer status 
were independently significant. 
J'p < 0.0001. For nursing hours, age indicates age over 80 years as 
significant. 
Tab le  V I I .  Crude mean numbers and percent o f  LOS,  ancillary service use, and nursing hours for 
direct and transfer admissions 
Direct admissions Transfer admissions 
n = 1746 Percent of n = 184 Percent of 
Dependent variables (90.5%) use (9.5%) use 
LOS (days) 11.5 _+ 13.4 85.2% 
Ancillary service use 6750 _+ 7340 85.0% 
(RVUs/patient/admission) 
Nursing hours 6.5 ± 2.3 86.6% 
18.9 ± 24.5 
11,280 ± 15,272 
8.6 + 3.3 
14.8% 
15.0% 
13.4% 
Differences between direct and transfer admission crude mean rates were significant at p < 0.0001. 
the most  important  factors in determining hospital 
resource use (Table VI).  The other independent  vari- 
ables (patient age, sex, insurance, and surgeon) were 
not  found to significantly affect he LOS. Similarly, in 
the ancillary service use final model ,  transfer status 
and all DRGs,  except those related to amputat ions 
(DRG 113), significantly affected use o f  this resource 
(p < 0.0001).  However,  in the nursing hours final 
model ,  pat ient age over 80 years, in addit ion to 
transfer status and all DRGs  except those related to 
amputat ions (DRG 113), were significant (p < 
0.0001).  The other independent  variables (patient 
age, sex, insurance, and surgeon) had no significant 
effect on the percent of  variation in nursing hours. 
This makes clinical sense because older patients who 
are less mobi le and who have undergone extensive 
vascular surgery would  require more nursing hours. 
These data serve to validate the model .  
The mean crude LOS, the mean crude RVUs (a 
measure o f  ancillary service use), and the mean crude 
nursing hours differed significantly between non- 
transfer and transfer patients (p < 0.0001; Table 
VI I) .  These data indicate that, on average, patients 
transferred to the Vascular Service were hospital ized 
a week longer than nontransferred patients. In addi- 
t ion, transfer patients used, on average, 4500 more 
RVUs per admission and, on average, 2.1 more nurs- 
ing hours per day. These differences were not  associ- 
ated with the individual surgeon's  method o f  prac- 
tice. 
DISCUSSION 
This study documented  that the conduct  o f  an 
individual vascular surgeon's practice accounts for a 
very small and insignificant percentage o f  less than 
1% in the variation in LOS,  ancillary service use, and 
nursing hours provided for patient care. In  fact, the 
intrahospital practice patterns o f  vascular surgeons at 
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the University of Michigan Hospital were found to 
be reasonably consistent. This would not have been 
anticipated because of the differences in practice in- 
terests and the prior training of the six vascular sur- 
geons being evaluated. One implication of this find- 
ing is that because practice methods of physicians of 
the same specialty in the same hospital are similar, 
hospitals and third-party payers may be inappropri- 
ately directing attention to resource use of individual 
physicians for credentialing and reimbursement pur- 
poses. Consequently, any discussions on "physician 
practice patterns" must differentiate between inter- 
hospital and intrahospital practice patterns. 
Moreover, this study indicates that those inter- 
ested in differences among physician practices need 
to examine closely the type and number of DRGs 
and the number of transfer patients cared for by a 
particular surgeon. This statement is supported by 
the fact that the most costly DRG (major cardiovas- 
cular procedures with complications and/or comor- 
bidity, DRG 110) constituted 21% to 30% of the six 
surgeon's practices in this study (data not shown) 
and that transfer patients accounted for at least 10% of 
five out of the six surgeon's practices, yet no single 
surgeon's practice was found to significantly affect hos- 
pital resource use. Surgical practices considered to be 
more expensive should be assessed by first controlling 
for DRG and patient ransfer status before deciding 
whether their practices fall within the norms or not. 
Transfer status has only recently been reported as 
a significant factor in hospital resource use. This is 
very important to high-cost vascular surgery practices 
at tertiary care hospitals. Even though transferred 
patients comprised only 9.5% of the total number of 
admissions currently studied, they accounted for 
14.8% of LOS, 15% of ancillary service use (RVUs), 
and 13.4% of nursing hours (Table VII). This finding 
makes intuitive sense because patient ransfers usu- 
ally result from unavailability of often expensive ser- 
vices at the referring hospital or a need for the more 
advanced surgical capabilities available at the receiv- 
ing hospital. The transfer patient is, in all likelihood, 
sicker than a nontransfer patient and, consequently, 
uses considerably more hospital resources. ~4,~5 
This study indicates that the type of DRG is the 
single most important variable and that transfer sta- 
tus is a lesser but still significant variable in determin- 
ing resource use. Together they account for most of 
the variation in LOS, ancillary service use, and nurs- 
ing hours. Unlike other reports, 8,9 this study found 
that age was a significant factor only regarding nurs- 
ing hours. Medicare and other third-party payers that 
are establishing reimbursement payments, and hospi- 
tals and other health care organizations that are de- 
fining admitting and hiring practices, should take 
into account he effect of the DRG category and the 
patient's transfer status on a surgeon's hospital re- 
source use. More importantly, findings of this study 
support he tenet that the conduct of interhospital 
physician practices, as reflected in transferring pa- 
tients, are likely to be morc relevant than intrahospi- 
tal physician practice variations among specialists in 
determining appropriate payments to hospitals. 
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